Abstract-In this paper, a split-ring resonator and an inductively coupled feed technique are designed to improve the RFID tag antennas performance. The presented tag antenna consists of two symmetrical C-shaped resonators with strip line in order to feed the radiating split-ring resonator structures by implementing an inductively coupled feed approach placed on the upper surface of Polytetrafluoroethylene substrate. By selecting a proper length and width of spilt-ring resonator structures, along with desirable coupling distance between two symmetrical C-shaped resonators and spilt-ring resonator structures, the input impedance of tag antenna can be obtained, which leads to attain an excellent conjugate match between antenna and IC chip. The proposed feeding technique and spiltring resonator structures offer a better performance of RFID tag among antenna size, reflection coefficient, and gain. The gain of the designed tag antenna is -2.272 dB at its operating frequency (916 MHz), the tag antenna is mounted on a square perfect electrical conductor of 200 mm side length, while the thickness of PEC is 1 mm. The simulation results were verified by the presented method via enhancing the performance of tag antennas for metallic object.
I. INTRODUCTION
Nowadays, the implementations of RFID tag in the ultrahigh frequency (UHF) band (860-960 MHz) are growing substantially with many burgeoning features, especially passive ones. It is applied to supply chain management, transportation system, security, general detection systems, disease prevention, logistics systems, access point system, road tolling, and business transaction system [1] [2] [3] [4] [5] .
The RFID system consist of several different parts; the RFID tag which contains an antenna and an RFID tag chip, and RFID interrogator or reader which receives the information that has been already stored in a passive tag [6, 7] . Passive RFID tag fundamentally relies upon attaining a conjugate match between antenna and RFID tag chip. A good impedance matching could improve the operation power of the chip; consequently, increasing the read range.
This section presents numerous types of RFID tag antennas lately designed for tag antenna implementations [8] [9] [10] [11] [12] . However, designing RFID tag antenna for metallic application encounters some challenges, such as changing its radiation pattern, input impedance, resonant frequency, and degradation to its radiation ef ciency. The size, shape, and distance between the antenna and the metallic planer lead to these changes [13] .
In this article, a compact microstrip RFID tag antenna reported for metallic objects using inductively coupled feed structure and spilt-ring resonator structures as a radiation body to achieve a better gain, size, and reflection coefficient at its operating frequency of 916 MHz.
II. ANTENNA CONFIGURATION
In this section, a compact RFID microstrip tag antenna for metallic applications is reported. It is designed using low cost Polytetrafluoroethylene (PTFE) substrate with dielectric constant of ( r ) 2.55, loss tangent (tan = 0.001), and thickness equaling 1.5 mm. The presented RFID tag antenna comprises of two symmetrical C-shaped resonators with strip line to feed radiating split-ring resonator structures through implementing an inductively coupled feed approach placed on the upper planer of Polytetrafluoroethylene substrate. The outer strip line added to improve the overall performance of reflection coefficient through attaining a conjugate match between antenna and RFID tag chip.
The terminals of the IC chip are linked directly to the midpoint of the symmetrical C-shaped resonators and the antenna is inductively coupled between symmetrical C-shaped resonators and radiation spilt-ring resonator structures. Table 1 shows the geometrical parameters that were selected based on proper figures obtained by tuning the La and Wa of the SSR structures to get the best functionality of the presented tag antenna at its operating frequency. 978-1-5090-0019-7/15/$31.00 ©2015 IEEE chip and spilt-ring resonator structures worked as a radiation body. The length of the SSR is denoted as La, while the width of the SSR is denoted as Wa, the gap between the SSR and the Cshaped one is denoted as S, the gap between the two symmetrical C-shaped is denoted as G, the width of copper line is donated as W, the thickness of the design is denoted as D. Finally, the size dimensions of the designed tag antenna are Sy×Sx which equal to 52.5636 cm 2 .
III. SIMULATION RESULTS AND DISCUSSION
The performance of RFID tag antenna design was analyzed using full-wave electromagnetic simulator [14] . Tuning of the presented tag antenna performance was studied by placing the RFID tag antenna on a square perfect electrical conductor (PEC) of 200 mm side length while the thickness of PEC is 1mm. The proposed tag antenna used a Murata RFID MAGICSTRAP LXMS31ACNA-011 tag chip [15] . The input impedance of the RFID tag chip is 25-j200 at its operating frequency 915 MHz, with -8 dBm a minimum RF communication power of the tag chip.
The ideal match between the antenna and the IC chip is required to minimize the reflection coefficient, improve the power transmission, and maximize the gain. The impedance matching is determined based on the design parameters mentioned in Table 1 . The conjugated impedance is controlled by the length and the width of SSR structures. Furthermore, an inductively coupled feed approach is a simple solution to efficaciously conjugate the input impedance between antenna and IC chip.
The reactance and resistance curves of the antenna are in good compliance with IC chip curves as depicted in Fig. 2 . The simulated complex input impedance for the tag antenna was obtained and it is 21.4+j194.5 , which is close to the IC chip impedance, that is, 25-j200 . The conductive planer near the antenna has advantages, such as acting as a reflector causing an increasing in the directivity and allowing the antenna to function properly. In this case, a metallic planer can be used to enhance the antenna performance by increasing the size of the metallic surface.
The performance of RFID tag antenna is unidirectional with gain -2.272 dB, which is better than antenna gains recently presented in [10] [11] [12] as depicted in Fig. 3 . The reflection coefficient of the designed tag antenna was computed using CST Microwave Studio Software. Fig. 4 reveals the reflection coefficient of the design by considering the input impedance value of the chip at its operation frequency, which is 916 MHz. Fig. 4 . Reflection coefficient. Fig. 4 indicates the value of the tag antenna reflection coefficient (S 11 ) which is -32.94 dB. Accordingly, as S 11 value decreases, this will enhance the matching impedance to improve the power transmission coefficient.
IV. CONCLUSION
The RFID tag antenna consists of split-ring resonator structures fed by a symmetrical C-shaped resonators using inductively coupled feed structure, which has been reported and simulated. The proposed feeding technique and spilt-ring resonator structures offer a better performance of RFID tag among antenna size, reflection coefficient, and gain. The advantage of the reported symmetrical C-shaped feed structure offers a simple solution to an efficaciously method to conjugate the input impedance between tag antenna and IC chip. When the tag antenna is placed on a square perfect electrical conductor of 200 mm side length with 1 mm thickness, the gain of the designed tag antenna is -2.272 dB at its operating frequency (916 MHz) with good performance. The simulation results have verified that the presented method is able to improve the performance of tag antennas for metallic objects.
